Phospholipid metabolism and second messenger system after brain ischemia.
To evaluate possible involvement of phospholipid metabolism and related second messenger systems in the selective neuronal damage after ischemia, we measured changes of polyphosphoinositides (PPIs) and free fatty acids (FFAs) in a model of 5-min or 10-min ischemia and reperfusion in gerbils. The binding activity of 3H-phorbol 12,13-dibutyrate (PDBu) for protein kinase C (PKC) and 3H-inositol 1,4,5-triphosphate (IP3) for IP3 receptors was demonstrated autoradiographically. Induction of 70 KDa heat shock protein (HSP70) mRNA and amyloid precursor protein (APP) mRNA was also examined using Northern blot analysis. In the parietal cortex (an area resistant to transient ischemia), PPIs decreased during ischemia and recovered rapidly after reperfusion. However, recovery did not occur in the hippocampal CA1 area (an area more vulnerable to transient ischemia). In the cortex, arachidonic acid (AA) increased during ischemia and returned to baseline by 7 days after reperfusion; in the CA1 area, the AA level remained elevated even after 7 days of reperfusion. PDBu binding decreased in CA1 cells after 2 days of reperfusion. IP3 binding began to decrease at 5 hr of reperfusion, which is far earlier than either the onset of decreased PDBu binding or the observation of neuronal damage by light microscopy. The induction of HSP70 mRNA occurred, but the induction of APP mRNA did not. Regional differences in the induction of HSP70 mRNA were found; CA1 cells produced less HSP70 mRNA than cortical cells 8 hr after transient ischemia. These results suggest that CA1 cell membranes may not recover after transient ischemic attack, and that the membranes of the endoplasmic reticulum, which have IP3 receptors, may undergo alterations earlier than cytoplasmic membranes. The variable induction of HSP70 mRNA may be related to regional differences in vulnerability in cortical and hippocampal CA1 cells after transient ischemia. Involvement of excitatory neurotransmission in the induction of HSP70 has been suggested. The combined data may support a role for inositol phospholipid metabolism, changes in related second messenger systems, and induction of HSP70 in the excitotoxic mechanism of hippocampal CA1 neuronal damage, death, and repair.